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Abstract
Background: Non-alcoholic fatty liver disease (NAFLD) has a high prevalence in obesity and 
its presence should be screened. Laparoscopic sleeve gastrectomy (LSG) is an effective treat-
ment for obesity, but its effects on NAFLD are still to be firmly established. The diagnosis of 
non-alcoholic steatohepatitis (NASH) is currently performed by liver biopsy, a costly and in-
vasive procedure. Squamous cell carcinoma antigen-IgM (SCCA-IgM) is a biomarker of viral 
hepatitis to hepatocellular carcinoma development and its role in NAFLD to NASH progres-
sion has not yet been investigated. Objective: The aim of this study was to evaluate SCCA-IgM 
as a non-invasive biomarker of NAFLD/NASH in patients with different degrees of metabolic-
complicated obesity before and after LSG. Method: Fifty-six patients with obesity were stud-
ied before and 12 months after LSG; anthropometric, biochemical, clinical, and imaging da- 
ta were collected. Results: At baseline steatosis was strongly associated with the glycaemic 
profile (p = 0.016) and was already present in prediabetic patients with obesity (82%). Only 
3 patients had an SCCA-IgM level above the normal cut-off. SCCA-IgM titre did not change 
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according to glycaemic profile or steatosis. Metabolic and inflammatory factors and trans-
aminases significantly reduced after LSG-induced weight loss, except for SCCA-IgM. The ALT/
AST ratio decreased post-LSG correlated with BMI (r = 0.297, p = 0.031), insulin (r = 0.354, p = 
 0.014), and triglycerides (r = 0.355, p = 0.009) reduction. Conclusions: Our results confirm the 
tight link between NAFLD and metabolic complications, suggesting prediabetes as a new risk 
factor of steatosis. SCCA-IgM does not seem to have a role in the identification and progno-
sis of NAFLD. © 2019 The Author(s)
Published by S. Karger AG, Basel
IntroductionNon-alcoholic fatty liver disease (NAFLD) is characterized by excessive hepatic fat accu-mulation, associated with insulin resistance (IR), and defined by the presence of steatosis in > 5% of hepatocytes. The diagnosis of NAFLD requires the exclusion of both secondary causes and a daily alcohol consumption ≥30 g for men and ≥20 g for women [1, 2]. The term NAFLD includes two pathologically distinct conditions with different prognoses: non-alcoholic fatty liver (NAFL) and NASH non-alcoholic steatohepatitis (NASH). NASH covers a wide spectrum of disease severity, ranging from fibrosis, to cirrhosis, to hepatocellular carcinoma (HCC).NAFLD currently represents the most common liver disease in Western countries, being found in 25–30% of the general population. The reported prevalence of NAFLD varies according to the population studied and to the diagnostic criteria considered [3]. NAFLD is closely associated with the metabolic syndrome and mostly occurs in patients with obesity (60–95%), type 2 diabetes mellitus (T2DM; 28–55%), and hyperlipidaemia (27–92%) [4]. NAFLD, evaluated by biopsy, was found in up to 95% of patients with obesity undergoing bariatric surgery [5]. Fibrosis is the most important prognostic factor in NAFLD and is corre-lated with liver-related outcomes and mortality. According to recent guidelines [1], patients with metabolic risk factors (i.e., IR, obesity, or metabolic syndrome) have to be referred to diagnostic procedures for NAFLD (recommen-dation level A1) by ultrasound scan (US) and liver enzymes assay. Nevertheless, liver biochem-istries can be in the normal range in patients with NAFLD [6, 7], and US or transient elastog-raphy, even if potentially more sensitive, are not considered reliable tools. Many serum markers and scores of fibrosis, such as the NAFLD fibrosis score (NFS), fibrosis 4 calculator (FIB-4), enhanced liver fibrosis (ELF), and FibroTest® [8–10], have proven acceptable diag-nostic accuracy. In particular, the ALT/AST ratio is an index of severe liver damage and it is related to the degree of fibrosis [11]. Nanji et al. [12] reported a significant correlation between the ALT/AST ratio and the degree of fatty infiltration of the liver. The identification of advanced fibrosis or cirrhosis is less accurate by current available biomarkers and needs to be confirmed by liver biopsy. Even if this procedure is essential for NASH diagnosis and able to discriminate between NAFL and NASH, it is costly and invasive, and thus not suitable for general population studies [1, 2, 5, 9]. For all these reasons there is an increasing need to develop non-invasive assessment to identify NAFLD in patients with increased metabolic risk and a worse prognosis. We focused our attention on squamous cell carcinoma antigen (SCCA), which belongs to the clade B subset of the serpins family [13]. The two isoforms SCCA1 (SERPINB3) and SCCA2 (SERPINB4) are physiologically expressed in squamous epithelia, in endothelial cells of the veins, in the walls of arteries [14], and in peripheral blood mononuclear cells [15]. It has been 
reported that SERPINB3 induces TGFβ expression in chronic liver disease [16] and promotes fibrogenesis in experimental models [17]. Data indicate that SERPINB3 protects cellular from apoptotic death caused by different kinds of stimuli [18], inducing cell proliferation and 
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increasing invasiveness potential. SCCA1 and SCCA2 are overexpressed in squamous cell carcinoma of the uterine cervix, lung, head and neck, rectal colon, and pancreatic and liver tumours. Recently, an ELISA assay has been developed to detect SCCA isoforms (SERPINB3 and SERPINB4) complexed with natural IgM in human serum [19]. Monitoring SCCA-IgM levels over time appears to be a useful approach to identify patients with viral chronic hepa-titis at higher risk for cirrhosis development [20]. Significant reduction of SCCA-IgM, lasting up to 6 months of follow-up, was observed only in HCV-positive patients with a sustained response to standard therapy [21]. A significant increase of SCCA-IgM over time has been shown only in patients with early cirrhosis (histologically proven) who developed HCC within 4 years of follow-up [22]. While the role of serpin in viral chronic hepatitis is well established, its possible use in the diagnosis of NAFLD/NASH has so far not been investigated. Bariatric surgery is the most efficient treatment for losing weight, and improving obesity and diabetes reduces liver fat and NASH progression. Prospective data showed an improvement in all NASH histological lesions 1 year after surgical intervention [23]. Liver stiffness measurement by transient elastography and some fibrosis scores were significantly improved 12 months after bariatric surgery [24]. Finally, few studies regarding the effects of different bariatric procedures on liver fat are available, in particular for laparoscopic sleeve gastrectomy (LSG) [24–27]. The aim of our study was to evaluate SCCA-IgM as a non-invasive biomarker of liver fat-induced damage, considering patients with different degrees of metabolic-complicated obesity before and after weight loss and metabolic improvement obtained by bariatric surgery intervention. 
Methods
PatientsFifty-six patients with severe obesity (40 female and 16 male) as candidates for bariatric surgery were studied before and 12 months after the procedure. The patients were enrolled at the Centre for the Study and Integrated Treatment of Obesity, Padua University Hospital, in the period between 2013 and 2015, with a BMI greater than 35 in the presence of comorbidities, or with a BMI greater than 40, according to criteria for bariatric surgery [28]. The patients underwent a multidisciplinary baseline evaluation according to a standard clinical protocol and a complete medical history was taken regarding eating, smoking and drinking habits, drug and medications, past and current medical conditions, and past surgical procedures. All patients received a 4-week very-low-calorie diet (VLCD) immediately before surgery. Baseline evaluation was performed within 6 months before surgery and before the beginning of the VLCD period. LSG is performed as the first choice procedure at our centre except for patients affected by severe gastro-oesoph-ageal reflux disease. LSG was performed by the same surgical team. Briefly, the procedure involved stomach longitudinal resection starting 4–5 cm from the pylorus with the preservation of the gastric antrum; full details have already been published elsewhere [29].After surgery, patients were followed up for nutritional and medical management. A complete clinical re-evaluation was scheduled in all patients after 12 months from the procedure. The specific exclusion criteria were: infection with hepatotropic viruses, excessive alcohol consumption, active cancer, auto-antibodies indicative of autoimmune hepatitis, genetic hemochromatosis, a current infection, predictor signs for cirrhosis or HCC at the US, and use of hepatotoxic drugs. The Padua Ethical Committee for Clinical Research approved the study (2892P, 10/06/2013) and each patient gave their informed written consent. 
Anthropometric MeasurementsAll anthropometric measurements were taken with subjects wearing only light clothes without shoes. Height was measured to the nearest 0.01 m using a wall-mounted stadiometer. 
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Body weight was determined to the nearest 0.1 kg using a calibrated balance beam scale. BMI was calculated as weight (kg) divided by the height squared (m2). 
Ultrasound ScanAll patients were referred for a US of the upper abdomen in order to detect the presence of steatosis [30]. Patients were fasted from midnight of the day scheduled for the scan and instructed to take charcoal tablets to allow a better visualization of the abdominal organs. Each US was performed by the same sonographer within 6 months before surgery and before the beginning of the VLCD period.
Biochemical MeasurementsFor each patient we measured their fasting plasma glucose (FPG), insulin, lipid profile (total, high-, and low-density lipoprotein [LDL] cholesterol, and triglycerides [TG]), platelets, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), highly sensitive C-reactive protein (hs-CRP), interleukin-6 (IL-6), and leptin. All blood tests were performed after 8 h of fasting. Venous blood samples were collected in tubes coated with 68 IU of lithium heparin, with EDTA 8% or with acrylic gel/micronized silica in the morning (Becton Dickison, East Rutherford, NJ, USA). Samples were stored at −20  ° C until analysis. All biochemical blood analyses were performed with a standard diagnostic kit according to the WHO first international reference standard: glucose (Glucose HK Gen.3, Roche Diag-nostic, USA), insulin, IL-6 (IMMULITE 2000 Immunoassay, Siemens Healthcare GmbH, Germany), hs-CRP (CardioPhase High-Sensitivity C-Reactive Protein, Siemens Healthcare), and leptin (Leptin-RIA-CT, Mediagnost, Germany). Full blood counts (platelets) were measured by flow cytometry (Sysmex Europe GmbH, Germany), serum lipids by spectropho-tometer (Roche Diagnostic, USA), and ALT, AST, and GGT titres were assayed by enzymatic method with the addition of pyridoxal-5-phosphate in compliance with IFCC reference methods [31]. LDL cholesterol was calculated according to Friedewald [32]. The concentration of circulating SCCA-IgM was detected by an ELISA assay (Hepa-IC, provided by Xeptagen SpA, Venice, Italy), according to manufacturer’s instructions [19]. The amount of total SCCA-IgM complex was expressed in arbitrary units per millilitre (AU/mL) and the value of 200 AU/mL was used as the cut-off [33].The homeostasis model assessment (HOMA) was used to calculate the IR index 
(HOMA-IR) as: [fasting serum insulin (μU/mL) × FPG (mmol/L)]/22.5, as previous described [34]. A 3-h 75-g oral glucose tolerance test (OGTT) was performed by monitoring blood glucose and insulin plasma levels at basal time and 30, 90, 120, 150, and 180 min after glucose load (180 mL of syrup with 82.5 g of glucose monohydrate equal to 75 g of glucose) according to WHO standards [35]. The glucose and insulin area under the curve were calcu-lated using the trapezoidal method. In patients affected by obesity and diabetes, OGTT was not performed and, if they were treated with insulin, fasting insulin was not measured and HOMA-IR was not calculated. 
Statistical AnalysisData were analysed using Statistical Package for the Social Sciences software (SPSS, v.23.0; IBM Corp., Armonk, NY, United States). All variables were tested for a normal distri-bution (Shapiro-Wilk test); comparisons with coupled data were carried out using the Wilcoxon signed-rank test, whereas the Mann-Whitney U test and Kruskal-Wallis test were 
employed for independent samples. The χ2 test was used to analyse the association between categorical variables. Spearman’s correlation coefficient (r) and p values were calculated for statistical correlations between the analysed variables. In all analyses, a p value < 0.05 was considered to be statistically significant.
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Table 1. Anthropometric characteristics and biochemical parameters before and after surgery in patients with obesity divided into no steatosis and with steatosis subgroups according to the presence of steatosis assayed by liver USNo steatosis Steatosis p beforen = 16 (3 M/13 F) n = 40 (13 M/27 F)before after before afterAge, years 50.5(40–57) – 47(40.3–56.8) – 0.957Weight, kg 122.5(105.6–159.3) 89.0(72.6–116.3)*** 127.3(112.0–149.0) 92.5(75.2–103.3)*** 0.779BMI, kg/m2 44.38(40.11–58.01) 32.33(28.38–42.76)*** 46.23(40.19–51.86) 33.41(29.14–37.49)*** 0.800FPG, mmol/L 5.5(5.1–5.9) 4.6(4.4–4.9)** 5.6(5.1–7.0) 4.7(4.2–5.1)*** 0.490Insulin, mIU/L 12(8–22) 7(5–10)** 18(10–28) 7(4–11)*** 0.097HOMA-IR, mIU·mmol/L2 2.80(1.93–5.30) 1.53(1.06–1.97)** 5.33(2.50–8.30) 1.46(0.74–2.20)*** 0.067AST, U/L 21(17–24) 19(14–21) 24(17–34) 18(14–21)*** 0.182ALT, U/L 19(17–24) 16(14–22) 30(20–41) 16(13–20)*** 0.019ALT/AST 0.98(0.83–1.17) 0.88(0.74–1.16) 1.11(0.95–1.59) 0.92(0.69–1.18)*** 0.046GGT, U/L 14(11–24) 14(8–17) 23(18–45) 13(9–23)*** 0.540PLTS, 109/L 241(207–334) 212(183–275)** 258(219–321) 233(197–266)*** 0.942T Chol, mg/dL 194(163–216) 177(159–219) 189(171–210) 183(153–200)* 0.935LDL, mg/dL 112(94–153) 102(81–128)* 123(104–138) 111(84–123)*** 0.580HDL, mg/dL 49(42–65) 57(51–69)*** 45(36–52) 55(49–65)*** 0.084N-HDL, mg/dL 135(111–172) 116(97–155)* 147(125–160) 124(97–141)*** 0.474TG, mg/dL 96(70–105) 76(57–100)* 122(71–180) 75(57–118)*** 0.125hs-CRP, mg/L 5.22(1.88–8.50) 2.24(0.79–4.62)* 5.46(3.18–7.83) 1.16(0.63–3.54)*** 0.451
Leptin, μg/L 40.5(26.8–65.0) 16.0(12.0–22.0)* 37.2(26.4–50.3) 12.9(7.0–20.8)*** 0.383IL-6, ng/mL 2.6(1.9–5.2) 1.9(1.9–2.2)** 2.2(1.9–3.7) 1.9(1.9–2.6) 0.294SCCA-IgM, AU/L 59.76(28.19–92.18) 48.15(28.01–81.12) 55.23(32.18–88.19) 52.31(33.55–88.76) 0.849Data are presented as the median value (25th–75th percentile). The differences in variable distributions among the groups before laparoscopic sleeve gastrectomy (LSG) were assayed with the Mann-Whitney U test. The differences in variable distribu-tions within each group before versus after LSG were assayed with Wilcoxon signed-ranks for paired samples (non-normally distributed variables). * p < 0.05; ** p < 0.01; *** p < 0.001. US, ultrasound scan; M, male; F, female; BMI, body mass index; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; PLTS, platelets; T Chol, total cholesterol; LDL, low-density lipoprotein-cholesterol; HDL, high-density lipoprotein cholesterol; N-HDL, non-HDL-cholesterol; TG, triglycerides; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; SCCA-IgM, squamous cell carcinoma antigen – immunoglobulin M complexes.
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Results
Study of Patients with Obesity Divided into Classes of Metabolic RiskThe anthropometric characteristics and biochemical parameters before and after LSG are presented in Table 1, where patients with severe obesity have been divided on the basis of liver steatosis assessed by US in the no steatosis (16 patients) and steatosis (40 patients) subgroups. Patients with steatosis had statistically significant higher levels of ALT and ALT/AST ratio than patients without steatosis (Table 1, column “p before”). Insulin levels and the HOMA-IR index were higher in the subgroup with steatosis even if they were not significant, 
Table 2. Anthropometric characteristics and biochemical parameters before and after surgery in patients with obesity divided according to glycaemic profile: with normoglycemia (ob N), prediabetes (ob preDM), and diabetes (ob T2DM)
Normoglycaemia (ob N) Prediabetes (ob preDM) Diabetes (ob T2DM) p before
n = 22 (5 M/17 F) n = 17 (6 M/11 F) n = 17 (5 M/12 F)before after before after before after
Age, years 41.5 (36.8–54.5) – 54 (42.5–60.5) – 51 (41–56.5) – 0.065Weight, kg 126.0 (108.0–161.1) 89.0 (76.2–111.9)*** 132.0 (110.5–151.5) 100.7(74.3–109.3)*** 127.0 (101.0–144.0) 86.0 (72.3–99.0)*** 0.823BMI, kg/m2 45.97 (42.46–52.90) 33.27 (27.59–40.45)*** 46.87 (41.72–52.10) 34.41(29.70–38.27)*** 44.47 (39.09–50.72) 30.07 (28.88–34.26)*** 0.489FPG, mmol/L 5.2 (5–5.4) 4.6 (4.3–4.7)*** 5.8 (5.3–6.1) 4.6 (4.5–4.9)*** 7.3 (6.1–8.6) 5.1 (4.1–5.4)*** <0.001Insulin, mIU/L 13.5 (9.8–22.3) 7.0 (4.5–10.0)** 20.0 (9.5–33) 7.1 (5.3–10.5)*** 17.3 (7.1–28.7) 8.1 (3.1–11.7)** 0.273HOMA-IR, mIU·mmol/L2 2.98(1.86–5.24) 1.46 (0.84–2.07)*** 5.87 (2.46–8.39) 1.49 (1.12–2.35)*** 5.89 (2.29–9.86) 1.77 (0.67–2.62)** 0.049AST, U/L 20 (16–25) 16 (14–19)*** 24 (20–34) 20 (15–23)** 25 (17–36) 19 (15–22)** 0.154ALT, U/L 20 (17–32) 15 (14–17)*** 29 (17–42) 18 (12–20)** 24 (22–40) 19 (14–23)*** 0.299ALT/AST 1.06 (0.88–1.45) 0.88 (0.73–1.19)* 1.00 (0.81–1.36) 0.90 (0.79–1.00) 1.24 (0.96–1.42) 0.93 (0.69–1.23)* 0.351GGT, U/L 18 (15–40) 12 (9–18)* 22 (15–51) 14 (8–27)* 20 (16–31) 15 (9–23)* 0.815PLTS, 109/L 281 (234–339) 238 (194–287)*** 234 (193–272) 204 (179–241)* 263 (218–322) 233 (216–267) 0.130T Chol, mg/dL 178 (161–217) 168 (156–208) 208 (185–224) 187 (166–198)* 186 (160–195) 179 (152–195) 0.078LDL, mg/dL 112 (95–143) 101 (83–127)** 135 (116–157) 111 (98–131)*** 115 (88–131) 107 (70–124) 0.104HDL, mg/dL 49 (38–55) 56 (49–70)*** 48 (45–53) 58 (50–64)* 43 (34–51) 53 (50–68)*** 0.192N-HDL, mg/dL 129 (114–177) 112 (97–152)** 149 (138–177) 129 (112–147)*** 141 (110–155) 118 (89–139) 0.207TG, mg/dL 89 (65–118) 67 (52–98)*** 105 (66–161) 71 (58–107)** 148 (102–183) 87 (68–130)** 0.036hs-CRP, mg/L 5.45 (2.88–8.39) 2.30 (1.03–5.11)* 4.95 (2.41–7.86) 1.09 (0.75–5.17)* 6.64 (2.48–8.84)  1.02 (0.38–2.73)** 0.809
Leptin, μg/L 44.0 (26.8–65.0) 16.7 (9.0–22.0)*** 40.0 (31.5–53.4) 13.0 (6.8–22.0)*** 29.0 (25.0–43.0) 12.0 (5.1–20.5)* 0.130IL-6, ng/mL 2.2 (1.9–4.1) 1.9 (1.9–2.2)* 1.9 (1.9–3.5) 1.9 (1.9–3.8) 3.2 (1.9–4.3) 1.9 (1.9–2.3)* 0.360SCCA-IgM, AU/L 67.50 (32.18–91.92) 52.35 (38.57–81.08) 52.62 (31.15–80.25) 54.09 (31.63–88.56) 43.99 (28.12–71.62) 40.71 (30.54–92.13) 0.489
Data are presented as the median value (25th–75th percentile). The differences in variable distributions among the groups before laparoscopic sleeve gastrectomy (LSG) were assayed with the Kruskal-Wallis test for independent samples (non-normally distributed variables). The differences in variable distributions within each group before versus after LSG were assayed with Wilcoxon signed-ranks for paired samples (non-normally distributed variables). * p < 0.05; ** p < 0.01; *** p < 0.001. M, male; F, female; BMI, body mass index; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; PLTS, platelets; T Chol, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; N-HDL, non-HDL-cholesterol; TG, triglycerides; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; SCCA-IgM, squamous cell carcinoma antigen – immunoglobulin M complexes.
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probably because of the interindividual variability. After LSG, we observed a significant decrease of most analysed parameters and, particularly, the reduction in AST, ALT, ALT/AST ratio, and GGT levels after LSG intervention achieved a higher significance level in patients with rather than without steatosis. The patients were further analysed according to glycaemic profile and divided into 3 subgroups: patients with obesity and normoglycemia (ob N), patients with obesity and predi-abetes (ob preDM), and patients with obesity and diabetes (ob T2DM), on the basis of ADA 
Fig. 1. Frequency of steatosis in patients with obesity and differ-ent glycaemic profiles. The pres-ence of steatosis (frequency per-centage) was evaluated by US in patients with obesity and normo-glycaemia (ob N, white bars), in patients with obesity and predia-betes (ob preDM, grey bars), and in patients with obesity and dia-betes (ob T2DM, black bars). Sta-tistical analysis was performed by 
χ2 test. 
Table 3. Characteristics of the 4 case report patientsPatient  No. Symbols Glycaemic profile Dyslipid-aemia Trans-aminases Inflammation markers Thyroid disease Steatosis Other1 ■ ob preDM No N ↑(hs-CRP) A hypothyroidism Yes by US AR2 □ ob T2DM ID Yes N ↑(hs-CRP) A hyperthyroidism TC Yes by US3 ▲ ob N with IR Yes ↑ ↑(IL-6, hs-CRP) NA hypothyroidism, LT Yes by US OSAS4 △ ob T2DM ID Yes ↑ ↑(IL-6, hs-CRP) NA hypothyroidism Yes by US and NASH by biopsyThe symbols are used in Figure 2a and Figure 5a. ob N, patients with obesity and normoglycaemia; ob preDM, patients with obesity and prediabetes; ob T2DM, patients with obesity and diabetes; IR, insulin resistance; ID, insulin dependence; N, normal values; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; A, autoimmune; NA, non-autoimmune; LT, levothyroxine replacement therapy; TC, thiamazole-controlled; US, ultrasound scan; NASH, nonalcoholic steatohepatitis; AR, rheumatoid arthritis; OSAS, obstructive sleep apnea syndrome; ↑, above the normal value.
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criteria [35] (Table 2). Twenty-two patients were normoglycaemic, 17 were prediabetic (impaired fasting glycaemia or impaired glucose tolerance at the OGTT), and 17 were diabetic, 4 of whom were already on an insulin regimen. The 3 subgroups were statistically different for levels of FPG, HOMA-IR index, and TG (Tables 2, column “p before”). All subgroups of patients with obesity obtained a relevant weight loss together with a significant improvement after LSG of lipid profile, transaminases, and inflammation markers. LDL after LSG was signif-icantly ameliorated in ob N and ob preDM in respect to the ob T2DM subgroup, probably because ob T2DM assumed statin therapy already before surgery. We observed that the presence of steatosis before bariatric surgery, assessed by US examination, was associated with a worsening glycaemic profile (ob N vs. ob preDM vs. ob 
Fig. 2. Distribution of SCCA-IgM values in patients with obesity. a Distribution of SCCA-IgM values in 56 pa-tients with obesity; the cut-off value is indicated by the dashed line. Patient 1 (black square), patient 2 (white square), and patient 3 (black triangle) had an SCCA-IgM value above the upper normal limit. Patient 4 (white triangle), who had a biopsy-proven diagnosis of NASH, had normal SCCA-IgM values. The clinical features of patients 1–4 are reported in Table 3. b Distribution of SCCA-IgM in patients with obesity with or without liver steatosis assessed by US. Statistical analysis was performed by independent samples Mann-Whitney U test (p = 0.849). c Distribution of SCCA-IgM values in patients with obesity and normoglycemia (ob N, n = 22), pa-tients with obesity and prediabetes (ob preDM, n = 17), and patients with obesity and diabetes (ob T2DM, n = 17). Statistical analysis was performed by independent samples Kruskal-Wallis test (p = 0.489). Results are reported as box plot graphs: the box represents the lower and upper quartiles, the line in the box represents the median, the whiskers show the lowest and highest values, and the outliers are represented by black circles.
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T2DM, χ2 test p = 0.016) as shown in Figure 1. In fact, while 50% of ob N displayed steatosis and 50% were without steatosis (no steatosis), the majority of patients with obesity and ear- ly glycaemic impairment (ob preDM) also presented liver steatosis. Interestingly, a high frequency of steatosis (82%) was already present in patients with obesity and prediabetes, similarly to the ob T2DM subgroup (88%). In these patients with severe obesity divided into subgroups as previously described, we quantified SCCA-IgM as a marker of liver damage. Only 3 patients had a SCCA-IgM value above the normal limit (cut-off value 200 AU/mL) [33] (Fig. 2a). The clinical features of the 3 patients with increased SCCA-IgM are presented in Table 3. We observed that all patients had a thyroid disease and 2 of them presented an autoimmune disorder. Furthermore, it is interesting to note that a patient with a liver biopsy positive for NASH displayed normal levels of SCCA-IgM (patient 4 in Table 3 and represented by a white triangle in Fig. 2a). Figure 2b shows the plotted titre of SCCA-IgM in patients with and without steatosis (p = 0.849). All 3 SCCA-IgM-
Fig. 3. Effects of LSG on the liver in patients with obesity. ALT (a), AST (b), ALT/AST ratio (c), and TG (d) values were determined in patients with obesity (n = 56) before (pre, grey boxes) and after (post, white boxes) surgery. Results are reported as box plot graphs with the lowest and highest values (whiskers), me-dians (lines), and outliers (black circles). Statistical analysis was performed by the Wilcoxon signed-rank test.
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positive patients had steatosis. We did not observe any difference in SCCA-IgM titres among ob N, ob preDM, and ob T2DM (p = 0.489; Fig. 2c). Before bariatric surgery, we did not observe any correlation between SCCA-IgM and all analysed variables (serum lipids, ALT, AST, ALT/AST, GGT, FPG, insulin, HOMA-IR, platelets count, hs-CRP, IL-6, leptin). 
Study of Anthropometric and Biochemical Parameters before and after LSGAfter surgery, overall weight loss was 20.4 ± 9.5%, with relative reductions in ALT (p < 0.001; Fig. 3a), AST (p < 0.001; Fig. 3b), ALT/AST ratio (p < 0.001; Fig. 3c), glucose (p < 0.001), insulin (p < 0.001), platelets (p < 0.001), and serum lipids, in particular TG (p < 0.001; Fig. 3d), hsCRP (p < 0.001), IL-6 (p < 0.05), and leptin (p < 0.001). The ALT/AST ratio decrease after surgery correlated with BMI (r = 0.297, p = 0.031; Fig. 4a), insulin levels (r = 0.354, p = 0.014; Fig. 4b), and plasma TG reduction (r = 0.355, p = 0.009; Fig. 4c). ΔALT/AST ratio also presented a positive correlation with the decrease in the HOMA index (r = 0.280, p = 0.050; data not 
shown). Finally, ΔALT/AST ratio was not correlated with the decrease of SCCA-IgM levels (r = 0.202, p = 0.148; Fig. 4d). 
Fig. 4. Correlation analysis between the differences (Δ) before and after LSG in patients with obesity. ΔALT/AST ratio was correlated with differences in BMI (a), insulin (INS; b), TG (c), and SCCA-IgM (d) plasma levels in all patients with obesity (n = 56). Statistical analysis was performed by Spearman’s correlation.
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The decrease of SCCA-IgM levels was not significant a year after bariatric surgery (p = 0.267), even if we found a trend of reduction in the 3 SCCA-IgM-positive patients (above the cut-off line), as represented in Figure 5a. Moreover, we did not find any association between the decrease of SCCA-IgM titres and variations of body weight, HOMA index, platelets, ALT, AST, GGT, FPG level, or inflammation markers when considering all patients. SCCA-IgM levels did not present statisti-
Fig. 5. Distribution of SCCA-IgM levels before (pre, grey boxes) and after (post, white boxes) LSG in patients with obesity. a Distribution of SCCA-IgM values in 56 patients with obesity pre/post LSG. Patient 1 (black square), patient 2 (white square), patient 3 (black triangle), and patient 4 (white triangle) were the 4 case report patients described in Table 3. Statistical analysis was performed by the Wilcoxon signed-rank test (p = 0.269). b Distribution of SCCA-IgM in patients with obesity displaying liver steatosis (n = 40) or not (n = 16) assessed by US. c Distribution of SCCA-IgM values in patients with obesity and normoglycemia (ob N, n = 22), patients with obesity and prediabetes (ob preDM, n = 17), and patients with obesity and dia-betes (ob T2DM, n = 17). Statistical analysis was performed by the Wilcoxon signed-rank test for coupled data and with Mann-Whitney U test for independent samples (b) and with Kruskal-Wallis test for independent samples (c). No statistically significant differences were found: no steatosis (pre vs. post) p = 0.323; steatosis (pre vs. post) p = 0.550; no steatosis versus steatosis, pre p = 0.849, post p = 0.556 (b); in ob N (pre vs. post) 
p = 0.051, in ob preDM (pre vs. post) p = 0.927, in ob T2DM (pre vs. post) p = 0.758; ob N versus ob preDM versus ob T2DM, pre p = 0.489, post p = 0.870 (c). Results are presented as box plot graphs with the lowest and highest values (whiskers), the medians (lines), and outliers (black circles).
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cally significant changes in patients with steatosis before and after LSG (pre [grey bars] vs. post [white bars], p = 0.550), or in patients without steatosis (pre vs. post, p = 0.323), or considering the two groups together (steatosis vs. no steatosis: post, p = 0.556; Fig. 5b). The decrease of SCCA-IgM levels after LSG in each group according to glycaemic profile (ob N, ob preDM, ob T2DM) did not show significant differences: in ob N (pre vs. post) p = 0.051, in ob preDM p = 0.927, and in ob T2DM p = 0.758. Moreover, the decrease of SCCA-IgM considering the three groups (ob N vs. ob preDM vs. ob T2DM) was not statistically significant (post p = 0.870; Fig. 5c). 
DiscussionGiven the high prevalence of NAFLD, liver biopsy cannot be proposed to all patients with severe obesity who are candidate to bariatric surgery. As a consequence, a non-invasive diag-nosis of NAFLD and its spectrum of conditions still remains a key challenge. The clinical usefulness of monitoring SCCA-IgM immune-complexes in chronic liver disease has been evaluated in several studies [19–22]. SCCA-IgM is a known biomarker of progression to hepatocellular carcinoma from viral hepatitis, but its role in the diagnosis and progression of NAFLD has not yet been investigated. Beale et al. [36] first studied SCCA-1 and other proteins as surveillance biomarkers for hepatocellular cancer in non-alcoholic and alcoholic fatty liver disease: they concluded that SCCA-1 had no HCC surveillance benefit in steatohepatitis-related cirrhosis. However, this study was biased by an analytical issue as SCCA-1 was later found to have poor stability in serum and thus to be an unreliable biomarker. Better analytic results were indeed obtained by testing IgM-linked SCCA instead of free SCCA protein [19], and isoform-specific immuno-enzymatic assays have been set up using commercially available monoclonal antibodies. In the literature there are not any studies on the behaviour of circulating SCCA-IgM in patients with metabolic liver disease and no studies of patients with obesity undergoing bariatric surgery. The aim of our study was to assess a possible role of SCCA-IgM in identifying patients with NAFLD and patients with a worse prognosis, speculating that SCCA-IgM could be related to the metabolic liver disease. The multiple-hit hypothesis, including diet, environ-mental and genetic factors, together with obesity per se and low-grade inflammation, describes the pathogenesis of NAFLD and the risk of progression to inflammation and fibrosis (NASH) or persistence in a stable stage of disease (NAFLD) [37, 38].In order to study a potential role of SCCA-IgM in NAFLD we looked for any correlation with this biomarker and the presence of steatosis, anthropometric (weight, BMI) and meta-bolic (lipidic and glycaemic profile) parameters, levels of liver enzymes (ALT, AST, GGT), ALT/AST ratio, and inflammation markers (hs-CRP, IL-6, platelets count). Platelet count has been shown to be a valuable surrogate biomarker predicting the severity of fibrosis in NAFLD patients [39] and could be used to predict the activity of the disease [40]. We divided patients according different classes of risk of metabolic liver disease. Consid-ering the glycaemic profile, we did not find increased values of SCCA-IgM in ob preDM and ob T2DM with respect to ob N. In the same way, patients with steatosis did not have levels of SCCA-IgM higher than those of patients without steatosis, even if the 3 patients with SCCA-IgM titres above the normal values also displayed liver steatosis. Interestingly, in our population of patients with obesity we described a tight association between prediabetes and T2DM and the presence of steatosis. Many studies have confirmed a very high prevalence of NAFLD in individuals with T2DM [3, 4], but we firstly showed that patients with prediabetes already have a similar percentage of steatosis as patients with T2DM. Thus, we could speculate that prediabetes also represents a risk factor for NAFLD to the same extent as T2DM in patients with obesity. Nevertheless, we emphasise that metabolic 
303Obes Facts 2019;12:291–306
Bettini et al.: SCCA-IgM in NAFLD, Obesity, Prediabetes, and Diabetes
www.karger.com/ofa
© 2019 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000499717
risk factors do not represent the only predictive condition of NAFLD, as we can see in our population with a proportion of 50% of ob N with steatosis [6, 7]. Bariatric surgery is currently regarded as the only treatment option that provides sustained and successful long-term weight loss and improvement of obesity-related comor-bidities [41]. The impact of bariatric surgery on the course of NAFLD in individuals with obesity has been extensively studied, and in the most recent IFSO consensus statement it is stated that bariatric surgery leads to the reversal or significant improvement of NAFLD and NASH [42]. In our patients with obesity, we observed a significant decrease of all biochemical and metabolic parameters assayed after bariatric surgery, clearly showing that LSG was effective in improving serum cytokine and the adipocytokine profile, thus ameliorating systemic inflammatory and metabolic status [43, 44]. We noted a statistically significant reduction of platelet count, as Johansson et al. [45] also showed in 124 morbidly obese non-diabetic patients 12 months after Roux-en Y gastric bypass. In our population this decrease was not evident in ob T2DM, perhaps due to a more severe inflammation state and a higher degree of fibrosis than the ob N and ob preDM subgroups, which also persisted after surgery. Weight loss after LSG resulted in a significant reduction of ALT, AST, GGT, and ALT/AST ratio, and we proved that the improvement of transaminases is related to the degree of weight loss. This fact has already been described in other recent studies [23–26]. In the Swedish Obese Subjects Study [46] the reduction in ALT levels was proportional to the degree of weight loss. Similarly, the prevalence of ALT/AST ratio < 1 was lower in the surgery compared to the behav-ioural group at both the 2- and 10-year follow-up. We observed a decreased trend of SCCA-IgM after LSG, even if not statistically significant. Moreover, the 3 patients with SCCA-IgM values above the normal limit, and the patient with a biopsy-proven NASH, also showed a reduction of serpin complex after LSG. No difference in SCCA-IgM levels has been reported 12 months after LSG when dividing patients into groups according to the presence of steatosis or consid-ering metabolic comorbidities as prediabetes and T2DM. It has been demonstrated that in patients with chronic hepatitis undergoing standard antiviral treatment and achieving a sustained virological response there was a significant decrease in serum levels of SCCA-IgM at the end of treatment and up to 1 year of follow-up [21]. We might speculate that the damage inferred by a metabolic imbalance could be different from that caused by viral chronic infection, in which the use of SCCA-IgM has been validated [14, 16, 19–22]. Indeed, it is well known that adipose tissue is characterized by a state of low-grade inflammation that is the basis of the pathogenesis of NAFLD [38]. In this context, we can hypothesize that SCCA-IgM may not be a sufficient inflammation marker and it could explain the absence of association between the serpin complex and inflammation factor levels (hs-CRP, IL-6, platelets) in patients with obesity before and after LSG. We suggest that the 3 positive patients might present a higher inflam-mation status (i.e., autoimmunity) than other patients with normal values of SCCA-IgM. No robust data on the effects of LSG on liver fat are actually available and the exact mech-anisms that lead to the improvement in NAFLD following bariatric surgery are not completely understood [23, 24, 26, 27]. Our study proved that LSG have a significant positive effect on biochemical parameters of NAFLD with a correlation between the improvement of ALT/AST ratio and the decrease of BMI and TG. These data suggest that weight reduction has a positive effect on liver transaminases and chronic liver damage. Moreover, we observed a statistically significant correlation between ALT/AST ratio, insulin levels, and IR expressed by the HOMA index. This fact is consistent with the literature [38, 46, 47] in proving the connection between obesity, IR, steatosis, and liver injury. In a cross-sectional study [47], steatosis and fibrosis were associated with T2DM, both in terms of fasting glycaemia and HbA1c. These findings support the tight association between NAFLD and diabetes, and our study suggests that, considering the same percentage of steatosis displayed in ob preDM and ob T2DM, predia-betes may be a risk factor of NAFLD. Additionally, the fact that the decrease in TG is associated 
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with the decrease in ALT/AST, which in turn is associated with a BMI reduction, is consistent with the pathophysiology of NAFLD [37]. On the contrary, SCCA-IgM did not seem to have any association with the improvement of the transaminases and of the ALT/AST ratio.Our study has some limitations. First, we could not differentiate NASH from NAFL or stage the degree of fibrosis with a pathological scoring system because we were not allowed to carry out liver biopsies in patients. Although liver biopsy is currently considered the gold standard to assess and grade liver disease, the procedure is invasive and associated with specific costs and complications. Liver biopsy is also affected by sampling variability with the risk that the tissue specimen might not be representative of the amount of hepatic fibrosis in the whole liver due to the heterogeneity in its distribution [9, 48]. For these reasons we estab-lished the presence of NAFLD with the use of US combined with transaminases levels, as is suggested by actual guidelines for clinical practise [1, 2]. In conclusion, our data suggest that LSG with the achievement of a sustained weight loss improves fibrosis, ameliorating liver transaminases and chronic liver damage. NAFLD risk in patients with obesity, determined by US and serum transaminase levels, is not only tightly linked to diabetes but also to prediabetes. Further prospective studies are needed to detect the precise link between prediabetes and NAFLD in order to improve the screening and the management of patients with NAFLD, and to evaluate the timing to treat patients with predi-abetes. SCCA-IgM is a biomarker of the progression to HCC from NASH and advanced fibrosis of viral origin, and we have highlighted the lack of any correlation between SCCA-IgM and the severity of fatty liver. Thus, our results suggest that levels of SCCA-IgM are not useful to identify patients with NAFLD or a worse prognosis. The identification of the mechanisms underlying the improvement process of liver disease after bariatric surgery could help to identify a validated and non-invasive biomarker or score, with the aim of saving a number of diagnostic liver biopsies.
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